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Arecoline is a major alkaloid of areca nuts which are widely chewed by southeast Asian and it 
manifests various toxic effects in different organs of human and animals. In this work, mature mice 
were treated by vitamins C plus E, arecoline, or both daily for four weeks. The results showed that 
arecoline significantly increased the levels of serum alkaline phosphatase (ALP), glutamate oxalo- 
acetate transaminase (GOT), glutamate pyruvate transaminase (GPT) and significantly decreased the 
levels of reduced glutathione (GSH), glutathione-S-transferase (GST), superoxide dismutase (SOD) and 
catalase (CAT) in the liver tissues. Additionally, the body weight, testis weight, sperm counts, motility 
and normal sperms also were significantly decreased. The supplement of vitamins C and E can bring 
the activities of ALP and GPT to normal levels and partially restore the sperm counts compared to 
the arecoline-treated group but have no other positive effects. In conclusion, the vitamins C and E 
partially attenuated the arecoline-induced hepatotoxiciy but basically had on protective effects against 
the arecoline-induced testicular toxicity. 
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INTRODUCTION 

Areca nuts (Areca catechu), the fourth most widely used 
addictive substance after tobacco, alcohol and caffeine [1], 
are mainly chewed by the people located in the southeast 
Asia [2]. Although some of therapeutic values of areca nuts 
chewing are reported [3,4], the toxicity induced by areca 
nuts chewing recently get more and more attention. Arecol- 
ine is a major alkaloid of areca nut and has been reported 
to be the main etilologic factor of oral, oropharyngeal can- 
cers and oral submucosal fibrosis induced by areca nuts 
chewing [5-7]. Besides, arecoline induced cytotoxic, geno- 
toxic and immunotoxic effects are also well documented 
[8-10]. Interestingly, arecoline is demonstrated to induce 
hepatotoxicity and testicular toxicity both by generating re- 
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active oxygen species (ROS) [11,12]. Several reports have 
implicated that excessive generation of these free radicals 
could result in oxidant stress and disturb antioxidant de- 
fense [13,14]. 

Vitamins C and E are known to be antioxidants. Vitamin 
C is a water-soluble chain-breaking antioxidant and can 
scavenge superoxide and hydrogen peroxide [15,16]. Vita- 
min E ( a -tocopherol) is a lipid-soluble vitamin with power- 
ful biological antioxidant [17,18] and can effectively inhibit 
free radical formation and minimize lipid peroxidation in 
biological systems [19-21]. Moreover, vitamin C is found to 
have the ability to restore the antioxidant abilities of vita- 
min E [22]. Therefore, the combined use of vitamin C and 
vitamin E is believed to have interactive effects [23] and 
the co-treatment of vitamins C and E is also approved to 
be able to attenuate methyl parathion- and nickel-induced 
hepatotoxicity to some extent [24,25]. 

However, to the best knowledge we have, until now there 
are few papers covering the effects of vitamin C and vita- 
min E, alone or combined, on the toxicity induced by areco- 
line, especially on the hepatotoxicity and testicular toxicity. 
Therefore, the main aim of this paper is to confirm hep- 
atotoxicity and testicular toxicity of arecoline, most im- 
portantly, assess the protective effects of co-treatment by 
vitamins C and E against hepatotoxicity and testicular tox- 
icity induced by arecoline in mice. 

ABBREVIATIONS: ALP, alkaline phosphatase; GOT, glutamate oxa- 
loacetate transaminase; GPT, glutamate pyruvate transaminase; 
GSH, reduced glutathione; GST, glutathione-S-transferase; SOD, 
superoxide dismutase; CAT, catalase; ROS, reactive oxygen species; 
H&E staining, hematoxylin and eosin staining; TEM, transmission 
electron microscope. 
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METHODS 

Animals and chemicals 

Arecoline hydrobromide (98%) was purchased from Acros 
Organics (USA). Vitamins C, E and corn oil were obtained 
from the Sigma. Mature male ICR mice weighing 28~32 
g were provided by Laboratory Animal Center of Sichuan 
University (Chengdu, China). All animal experiments were 
carried out according to the Guidelines for the Care and 
Use of Laboratory Animals published by the National 
Institutes of Health and approved by the Ethics Committee 
of Sichuan University. 

Animal treatments 

All the experimental mice were housed in plastic cages 
at a temperature- and humidity-controlled room with a 
well-regulated light : dark (12 h : 12 h) schedule. Free ac- 
cess to a standard laboratory diet and water was offered 
to mice. The animals were divided into four groups (each 
group with 10 mice). Group I: mice were intraperitoneally 
injected with physiological saline as control; Group II: mice 
were orally administrated with vitamin C (10 mg/kg body 
weight) dissolved in physiological saline and vitamin E (100 
mg/kg body weight) dissolved in the corn oil per day accord- 
ing to the previous study [26]; Group III: mice were intra- 
peritoneally injected arecoline hydrobromide (10 mg/kg 
body weight) dissolved in physiological saline and each does 
was divided equally into half and was injected at 9 AM and 
6 PM, respectively, according to pervious reports [27,28]; 
Group IV: mice were first orally administrated with the 
same does of vitamin C and vitamin E as Group II, 1 hour 
later, intraperitoneally injected with the same does of are- 
coline hydrobromide as Group III. 

Collection of serum and measurement of body and 
organ weights 

Blood samples were drawn from the supraorbital sinus 
of the etherized mice and serum was collected for sub- 
sequent biochemical analysis at the end of the 4th week. 
Body and testis from the four groups were weighted at the 
end of the 4th week. 



Biochemical evaluation 

Hepatic toxicity marker enzymes in the serum, alkaline 
phosphatase (ALP), glutamate oxaloacetate transaminase 
(GOT) and glutamate pyruvate transaminase (GPT), were 
assessed by commercial test kits (Nanjing JianCheng 
Reserch Institute of Biology and Engineering, China). The 
activities of reduced glutathione (GSH), catalase (CAT), 
glutathione-S-transferase (GST) and superoxide dismutase 
(SOD) in the liver tissues were also assayed by commercial 
test kits (Nanjing JianCheng Reserch Institute of Biology 
and Engineering, China). 

Sperm analysis 

Spermatozoa were collected by mincing the epididymides 
in 37°C normal saline. Epididymal sperm counts and evalu- 
ation of the motility of epididymal sperms were performed 
using the methods of Zhang et al. [29] and the WHO man- 
ual for semen analysis [30]. The examination of sperm mor- 
phology was carried out by dropping a drop of sperm sus- 
pension on a slide. After air dried, stained with 1% eosin 
Y, washed and air dried again, the smears on the slides 
were observed under a light microscope (Olympus DP73, 
Japan). 

Hematoxylin and eosin (H&E) staining 

After the dissected liver and testis were fixed in 4% par- 
aformaldehyde, the fixed samples were processed in a series 
of graded ethanol solutions and embedded in paraffin wax. 
Paraffin sections were cut at 5 u m height, deparaffinized, 
rehydrated and stained with hematoxylin and eosin for his- 
tological examination under a light microscope (Olympus 
DP73, Japan). 

Transmission electron microscopy (TEM) 

After the testicular tissues were fixed in 2.5% gluta- 
raldehyde and 1% paraformaldehyde in a sodium phos- 
phate buffer for 3 hours at 4°C. The fixed tissues were 
washed and post fixed in 1% osmiumtetroxide in the same 
buffer for 1 hour at 4°C. Tissues were subsequently dehy- 
drated in a graded ethanol series and were embedded in 
araldite. Thin sections (1 u m) were cut and stained with 
2% uranyl acetate and lead citrate. Finally, the sections 



Table 1. The effects of vitamins, arecoline and vitamins plus arecoline treatment on the biochemical parameters of the serum and 
liver tissue 





Control 


Vitamins 


Arecoline 


Vitamins+arecoline 


ALP (King unit/100 mL) 


9.26±0.39 


8.6U0.33 


12.74±1.01 ab 


10.10±0.34 c 


GOT (IU/L) 


12.68±0.59 


13.27±0.22 


17.31±0.60 ab 


15.67±0.69 ab 


GPT (IU/L) 


7.54±0.64 


7.45±0.53 


11.33±1.09 ab 


8.76±0.31 c 


GSH (mg GSH/g protein) 


4.13±0.35 


4.13±0.29 


1.89±0.18 ab 


2.06±0.16 ab 


GST (U/mg protein) 


45.73±3.6 


44.36±1.74 


33.08±3.76 ab 


35.05±2.84 ab 


SOD (U/mg protein) 


209.7±10.29 


207.62±8.23 


182.1±4.38 a ' b 


182.30±5.87 a ' b 


CAT (U/mg protein) 


17.41±1.86 


16.84±1.98 


9.18±1.53 a ' b 


10.61±0.66 ab 



Values are mean±SEM for six mice in each group. Significance at p<0.05. "Comparison of control and other groups. b Comparison 
of vitamins-treated group with arecoline- and vitamins plus arecoline-treated groups. "Comparison of arecoline treated groups with 
arecoline plus arecoline-treated groups. 
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were photographed on a Tecnai G2 F20S-TWIN trans- 
mission electron microscope (FEI, USA). 

Statistical analysis 

The data were analyzed using SPSS 17.0 and expressed 
as mean±SEM. The significance of differences was calcu- 
lated using one-way analysis of variance (ANOVA) followed 
by Tamhane's T2 for multiple comparison. p<0.05 was con- 
sidered statistically significant. 



RESULTS 

Changes of biochemical parameters in serum and liver 
tisssue 

The activities of ALP, GOT, GPT in arecoline group mice 
showed significant increases compared to the control and 




Fig. 1. The effects of vitamins, arecoline and vitamins plus 
arecoline treatment on the microstructures of liver tissues observed 
by H&E staining. (A) Control group with normal hepatic lobule and 
hepatocytes; (B) vitamins-treated group with normal hepatic lobule 
and hepatocytes; (C) arecoline-treated group with sever steatosis 
and inflammatory infiltrates; (D) Vitamins plus arecoine-treated 
group with sever steatosis and inflammatory infiltrates; "Steatosis; 
"Inflammatory infiltrates; The scale bar is 50 u m. 



vitamins group with all p<0.05, while the vitamins treat- 
ment in arecoline-exposed group efficiently brought down 
the ALP and GPT activities to normal levels and slightly 
decrease GOT levels but there no was statistically sig- 
nificant difference (Table 1). 

Data presented in Table 1 also indicated that treatment 
with arecoline caused significant reduction in the GSH, 
GST, SOD, CAT levels of liver tissues compared to the con- 
trol and vitamins group (p<0.05), and the supplied vita- 
mins in arecoline-treated group had on positive effects on 
these changes caused by arecoline. 

Pathological observation of liver 

The observation detected by H&E staining showed that 
the livers of control and vitamins group presented normal 
features with normal hepatic lobule and normal hep- 
atocytes (Fig. 1A and B). While in the arecoline group, hep- 
atocyte damage was manifested by severe steatosis and in- 
flammatory infiltrates (Fig. 1C). The vitamins treatment 
had a part prevention against the hepatocyte damage 
caused by arecoline, but the abnormal features of steatosis 
and inflammatory infiltrates were also observed in the vita- 
mins plus arecoline group (Fig. ID). 

Evaluation of body and testis weights 

The statistical data in Table 2 showed that body weight 
and absolute testis weight significantly declined in the are- 
coline-treated group when compared to the control group 
and the vitamins group (p<0.05). The addition of vitamins 
in the arecoline-administrated group can't increase the 
body weight and absolute testis weight. However, there 
were no statistically significant differences observed in rel- 
ative testis weight in the four groups. 

Sperm parameter changes 

To further explore the protection of vitamins against the 
testicular toxicity induced by arecoline, the epididymal 
sperm count, motility and morphology were examined. The 
epididymal sperm count, sperm motility and normal sperms 
in the arecoline group were significantly reduced compared 
to the control and vitamins group (p<0.05) and the sup- 
plied vitamins in the arecoline-treated group didn't improve 
any parameters compared to the control and vitamins 
groups (Table 3). But the sperm count in the vitamins plus 
arecoline-treated group was markedly elevated compared 
to the arecoline-treated group (p<0.05). 



Table 2. The effects of vitamins, arecoline and vitamins plus arecoline treatment on body weight and testes weight 





Control 


Vitamins 


Arecoline 


Vitamins+arecoline 


Initial Body weights (g) 


28.86±0.49 


28.12±0.56 


28.17±0.63 


28.31±0.31 


Final Body weights (g) 


34.79±0.62 


33.28±0.30 


28.37±0.54 a ' b 


28.53±0.45 a ' b 


Body weight change (%) 


17.04±2.34 


15.53±1.30 


0.70±2.62 a ' b 


0.78±2.05 a ' b 


Absolute testis weight (g) 


0.27±0.009 


0.26±0.009 


0.22±0.163" !b 


0.24±0.007 ab 


Relative testis weight 


0.078±0.003 


0.08±0.003 


0.078±0.005 


0.084±0.003 


(g/10 g body weight) 











Values are mean±SEM for six mice in each group. Significance at p<0.05. "Comparison of control and other groups. b Comparison 
of vitamins-treated group with arecoline- and vitamins plus arecoline-treated groups. "Comparison of arecoline treated groups with 
arecoline plus arecoline-treated groups. 
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Table 3. The effects of vitamins, arecoline and vitamins plus arecoline treatment on the sperm parameters 





Control 


Vitamins 


Arecoline 


Vitamins+arecoline 


Sperm count (10 6 ) 


39.45±0.35 


39.40±0.45 


24.83±1.08 a ' b 


27.23±0.72 a ' b>c 


Sperm motility (%) 


77.67±0.71 


78.82±0.67 


48.44±0.54 ab 


49.38±0.56 a ' b 


Normal sperm (%) 


82.32±0.91 


81.31±0.44 


63.53±0.60 ab 


64.64±1.18 a,b 



Values are mean±SEM for six mice in each group. Significance at p<0.05. "Comparison of control and other groups. Comparison 



of vitamins-treated group with arecoline- 
arecoline plus arecoline-treated groups. 



and vitamins plus arecoline-treated groups. "Comparison of arecoline treated groups with 




Fig. 2. The effects of vitamins, arecoline and vitamins plus are- 
coline treatment on sperm morphology. (A) Control group with 
normal sperm morphology; (B) vitamins-treated group with normal 
sperm morphology; (C) arecoline-treated group with sticky sperms; 
(D) Vitamins plus arecoine-treated group with sticky sperms and 
no head sperms. NS, normal sperm; SS, sticky sperm; NH, no head 
sperm. The magnification is 400x. 



The sperm morphology were shown in Fig. 2, from which 
no head sperm, sticky sperm and sperms with coiled tail 
were observed in the arecoline- and vitamins combined with 
arecoline-treated groups. 






Fig. 3. The effects of vitamins, arecoline and vitamins plus are- 
coline treatment on microstructures of testicular tissues observed 
by H&E staining. (A) Control group with normal testicular micro- 
structures; (B) vitamins-treated group with normal testicular 
microstructures; (C) arecoline-treated group with large vacuoles 
and no spermatogenesis in the lumen of seminiferous tubules; (D) 
Vitamins plus arecoine-treated group with with large vacuoles and 
no spermatogenesis in the lumen of seminiferous tubules; Va- 
cuoles; & no spermatogenesis in the lumen of seminiferous tubules; 
The scale bar is 50 u m. 



DISCUSSION 



Pathological observation of testis 

Microscopic observation of the testicular sections by H&E 
staining revealed that normal morphology and cellular ar- 
rangement of seminiferous tubules appeared in the control 
and vitamins groups (Fig. 3A and B), but in the testicular 
sections from the arecoline- and vitamins combined with 
arecoline-treated groups, large vacuoles and no spermato- 
genesis in the lumen of seminiferous tubules were observed 
(Fig. 3C and D). 

TEM observation further showed that no pathological 
changes were existed in the spermatogenic cells of mice in 
the control and vitamins groups (Fig. 4A and B). After are- 
coline exposure, morphological abnormal spermatozoa and 
vacuoles were detected in the exposed testis and the sup- 
plied vitamins in the arecoline-exposed seemed to have no 
abilities to alleviate these pathological changes (Fig. 4C and 
D). 



Areca nut chewing is a popular oral habit in many parts 
of Asia for its all kinds of therapeutic effects. But recently 
diseases caused by the areca nut chewing are gained more 
and more attention, during which the hepatotoxicity and 
testicular toxicity induced by arecoline have been widely 
reported. 

Dasgupta et al. [11] find that the arecoline treatment can 
result in heptatotoxicity by elevating the hepatotoxic mark- 
er enzymes (ALP, GPT and GOT) in serum. Consistent with 
these findings, our results also unravel the same changes. 
The increase in the serum enzymes is attributed to the 
damage of hepatocytes [24,31] and our observation of dam- 
aged liver tissues by H&E staining in this paper further 
supported the opinion. To find out the reasons underlying 
the arecoline-caused hepatocytes damage, we find that are- 
coline can depress the antioxidants in the liver tissue by 
decreasing the activities of SOD, CAT, GSH and GST. In 
line with our findings, arecoline also are proved to produce 
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Fig. 4. The effects of vitamins, arecoline and vitamins plus are- 
coline treatment on ultrastructures of testicular tissues observed 
by TEM. (A) Control group with normal testicular ultrastructures; 

(B) vitamins-treated group with normal testicular ultrastructures; 

(C) arecoline-treated group with large vacuoles and abnormal 
sperm; (D) Vitamins plus arecoine-treated group with large 
vacuoles and abnormal sperm; NS, normal sperm; AS, abnormal 
sperm; V, vacuoles; The scale bar in A, B and D is 1 //m, C is 
0.5 um. 



reactive oxygen species (ROS) in oral cancer, submucosal 
fibrosis and liver tissues [11,32]. Meanwhile, our test of pro- 
tective effects of vitamins shows that vitamin C plus vita- 
min E treatment brings down the ALP and GPT activities 
and slightly attenuates the other biochemical parameters 
with no significant difference. Vitamins C and E are bio- 
logically required for many organism functions and both of 
them, when alone or combined use, exhibit reputable hep- 
atoprotective effects in humans and animals due to their 
antioxidant properties [33-35]. So we speculate the partial 
protective effects against the hepatotoxicity conferred by vi- 
tamins also are attributed to their ability to scavenge free 
radicals produced by arecoline. 

When referring to the testicular toxicity induced by are- 
coline, Wu et al. [12] indicate that the administration of 
areca nut extracts have no impact on the weights of body 
and testis in rats but can induce spermatogenic damage 
and affect sperm counts and sperm motility. In contraction 
with their indications, we detect dominant changes in the 
body and testis weights except in the relative testis weight. 
Along with their indications, the sperm toxicity tests also 
reveal that sperm count, motility and normal sperms are 
sharp reduction in the arecoline-treated mice. The decrease 
in the body weight may be caused by the decline of food 
intake and the reduction in the testicular weight is attrib- 
uted to the necrotic changes in the testis [36,37]. Accordin- 
gly, we consider that the observed abnormal features in the 
testis tissues by H&E and TEM analysis are responsible 
for the decreased testicular weight. 

The abnormal features in the testis and the aberrant 
sperm parameters are reported to result from the reactive 
oxygen species (ROS) [12]. However, the supplementation 
of vitamins C and E in this work can't recover the body 
and testis weights decreased by arecoline treatment and 



have no efficiently alleviating effects on the sperm toxicity. 
Although vitamins C and E are revealed to have the ability 
to ameliorate oxidative stress-related testicular impair- 
ments due to their antioxidantive activities [38-40], the ad- 
ministration of vitamins with no beneficial effects on the 
testicular toxicity is also reported [41]. Concerning the sit- 
uation in the paper, the factors can be complicated. One 
of them may be that the reactive oxygen species induced 
by arecoline may be not the sole reason leading to the dam- 
age of testis. 

In conclusion, the present work finds that the arecoline 
exposure could cause serious hepatotoxiciy and testicular 
toxicity and the co-treatment of vitamins C and E could 
partially improve the arecoline-induced hepatotoxiciy but 
basically have on protective effects against the areco- 
line-induced testicular toxicity. However, although the re- 
sults in this work showed that vitamins had no protection 
against the testicular toxicity, the final determination 
about the effects of vitamins on the testicular toxicity in- 
duced by arecoline still can't be made, because the route 
of supplied vitamins, dose of vitamins, even the ratio of vi- 
tamin C and E all may involve the final protective effects 
of vitamins. So more research must be done before a reli- 
able decision is made. 
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